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摘  要 












至 50 °C，位于 1120 cm−1附近的谱峰位移至 1130 cm−1附近。通入18O2同位素后，
原先位于 1130 cm−1附近的谱峰强度下降，同时在 1095 cm−1和 1064 cm−1附近检
测到分别指认为(O16-O18)−物种和(O18-O18)−物种的吸收峰，这进一步确证了位于




























The nature of active oxygen species participated in the oxidative coupling of 
methane was still controversial. The purpose of this thesis was that the active oxygen 
species for the oxidative coupling of methane over 20%SrF2/La2O3 and 50% 
SrF2/Nd2O3 catalysts were studied, using by O2-TPD, pulse reaction, in situ Raman, in 
situ IR and EPR. And the 18O2 isotopic exchange experiment was also performed, 
such that the active oxygen species for the OCM reaction was ascertained.  
The pulse reaction results on 20%SrF2/La2O3 catalyst indicated that lattice 
oxygen species did not participate directly in the OCM reaction, and that the presence 
of gas-phase oxygen was necessary to achieved high C2 hydrocarbon yield The result 
was also supported by the pulse reaction of the interval of time between O2 and CH4. 
In situ IR spectroscopy has been used to show that superoxide species (O2−) was 
present on 20%SrF2/La2O3 catalyst at temperatures up to 700 °C. After being treated 
with 16O2, the peak at 1120 cm−1, which was ascribed to (16O-16O)−, was detected at 
700 °C. And then the temperature of the cell was decreased to 50 °C in the presence of 
16O2, the position of the major peak shifted to 1130 cm−1. The introduction of 18O2 
isotope caused the peak at 1130 cm−1 to shift to lower wavenumbers (1095 cm−1 and 
1064 cm−1), consistent with the assignment of the spectra to superoxide species. At 
700 °C, superoxide species could react with CH4 accompanied by the formation of gas 
phase C2H4. A good correlation between the rate of consumption of O2− species and 
that of the formation of C2H4 was observed, so the superoxide species was believed to 
be responsible for the activation of CH4. The IR spectra recorded under a stream of 
CH4/O2 on the O2-preadsorbed SrF2/La2O3 catalyst showed that the IR band of gas 
phase C2H4 was much stronger than that of under the CH4 stream, and the intensity of 
O2− band at ~1127 cm−1 was increased simultaneously, showing that the O2− species 
was maintainable under the OCM condition. These results indicated that the 
superoxide species not only remained stable but also could activate CH4 on 
SrF2/La2O3 catalyst at 700 °C. The EPR results (gxx=2.0001, gyy=2.0045, gzz=2.0685) 
also showed that there was superoxide species on the O2-preadsorbed SrF2/La2O3 
catalyst. Therefore the superoxide species was the active oxygen species for the 
oxidative coupling of methane on 20%SrF2/La2O3 catalyst. 
The results also indicated that the superoxide species was the active oxygen 
species for the oxidative coupling of methane on 50%SrF2/Nd2O3 catalyst.  
Keywords: superoxide species (O2−); 18O2 isotopic exchange experiment; the 














第一章  前言 
－1－ 
第一章 前  言 
 
1.1  甲烷氧化偶联制碳二烃的研究意义 
煤、石油和天然气是当今世界一次能源的三大支柱，从世界上一次能源构




年代将超过其它能源，成为 21 世纪上半叶的主导能源，并在 2050 年左右达到最
高峰，占一半以上。但化石能源在一般时间尺度内是不可再生的，因而其最大的
问题是资源的有限性。据认为最现实的估计是，世界上化石能源的使用不会超过













甲烷氧化偶联制乙烯，最早是于 1982 年由美国联碳公司(UCC)的 Keller 和
Bhasin[2]开始进行研究开发的。他们研制出最活泼和选择性最高的催化剂是
MnOx/Al2O3，在 800 °C 时获得了 14%的甲烷转化率和 5%的 C2 收率。由于该工
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